The epidermal changes that occur in human cutaneous immune responses have been investigated in the tuberculin reaction and in the lesions of tuberculoid and lepromatous leprosy and cutaneous leishmaniasis. In each situation, there was a dermal accumulation of monocytes and T cells, and the epidermis exhibited thickening. In the tuberculin response, the thickness of the epidermis sometimes doubled in 48-72 hr, and this was attributed to increases in both size and number of keratinocytes. In addition, the phenotype of the keratinocytes changed from la-to Ia'.
The cutaneous lesions of lepromatous leprosy are characterized by a sparse lymphocytic infiltrate and foamy macrophages laden with Mycobacteria leprae. In contrast, tuberculoid leprosy lesions exhibit large numbers of lymphocytes, granuloma formation, and the absence of appreciable numbers of intracellular bacteria (1, 2) . Monoclonal antibodies to human leukocytes and their subsets have been used to determine the phenotype of the cells in dermal infiltrates (3) (4) (5) (6) . These studies showed that in lepromatous lesions there is not only a marked reduction in the numbers of T cells (compared to tuberculoid lesions) but also a selective absence of T lymphocytes of the OKT4+ subset.
We wanted to establish whether this represented a specific unresponsiveness to M. leprae antigens or a more general defect in the emigration and accumulation of OKT4+ T cells. For this purpose we generated tuberculin reactions in the dermis of lepromatous patients by use of the purified protein derivative of tuberculin (PPD). During the course of these studies, we observed striking changes in the thickness and Ia-antigen expression of the epidermis overlying the PPDinduced delayed-type hypersensitivity (DTH) lesions. Similar changes also occur in the epidermis overlying the lesions of patients with tuberculoid leprosy and cutaneous leishmaniasis.
MATERIALS AND METHODS
The Generation of DTH Response to PPD. After informed consent was obtained, we evaluated the DTH response to 5 units of PPD in 90 Indian leprosy patients from New Delhi (a highly endemic area for tuberculosis). The study group included 25 lepromatous (LL) (see diagnosis below), 10 borderline lepromatous (BL), and 55 tuberculoid (BT and TT) patients and 50 non-leprosy control individuals. Sex and age distribution were as follows: BL and LL patients, 3 (7) .
Cutaneous leishmaniasis. Patients with cutaneous leishmaniasis were studied in collaboration with W. M. Rojas (Corporacion para Investigiones Biologicas) and with M. I. Restrepo and F. M. Restrepo (The Regional Health Laboratory, Medellin, Colombia). After informed consent was obtained, 4-mm punch-biopsy specimens were taken from the periphery of the lesions of 5 patients.
Fixation and Processing of Cutaneous Biopsy Samples. Skin samples were fixed for 4 hr at 4°C in phosphate-buffered saline (PBS) containing 3% (wt/vol) paraformaldehyde, 75 mM lysine, and 10 mM sodium metaperiodate, as described by McLean and Nakane (8) . This fixative preserves structural details without inhibiting the binding of monoclonal antibodies to their respective antigens (9) . The biopsy samples were stabilized for freezing by overnight washing in PBS containing 10% (wt/vol) sucrose and 40 ,uM digitonin, followed by successive suspension in graded solutions of sucrose Abbreviations: DTH, delayed-type hypersensitivity; PPD, purified protein derivative of tuberculin.
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(15-25%). The samples were stored in PBS with 25% (wt/vol) sucrose and 5% (vol/vol) glycerol until frozen.
Immunocytochemical Staining of Sections. The biopsy samples were embedded in OCT compound (Miles Scientific, Naperville, IL) and frozen at -200C. Sections (6-8 ,m) were cut on a cryostat and applied to gelatin-coated multiwell slides (Carlson Scientific, Peotore, IL). The sections were dried overnight at 370C, rehydrated in PBS, and incubated with mouse monoclonal antibodies followed by biotinylated horse anti-mouse Ig and then avidin-biotin-peroxidase complexes (Vector Laboratories, Burlington, CA). The reaction product was developed with diaminobenzidine (0.4 mg/ml) in 0.02 M Tris Cl buffer (pH 7.6) containing 0.03% H202. Sections were counterstained with hematoxylin.
Monoclonal Antibodies. Mouse anti-human monoclonal antibodies were used for the identification of specific cell types. OKT6 (anti-thymocyte and Langerhans cells) was obtained from Ortho Diagnostics (10); 9.3F10 (anti-HLA class II) was produced in this laboratory (11) (Fig. 2) . The keratinocytes were HLA-DR+, HLA-DQ-and showed a weak cytoplasmic staining for the invariant y chain (Inv) . As a control, we noted that both dermal macrophages and epidermal Langerhans cells were DR+, DQ+, Inv+. In contrast, the keratinocytes of 5/6 non-or low responders remained 1a-. The keratinocyte changes were unrelated to the number and size of OKT6+, Ia+ Langerhans cells. Fig. 3 . All of the tuberculoid patients and 5/6 borderline tuberculoid patients exhibited Ia+ keratinocytes (Table 3) , whereas none of the biopsies from polar lepromatous patients showed reactive cells. Again, epidermal Ia expression could not be attributed to staining of OKT6+, Ia' Langerhans cells. Thickening of the epidermis overlaying the lesions was observed in many of the tuberculoid leprosy lesions but could not be evaluated more accurately because no control biopsy samples of normal skin were available for these patients.
Cutaneous Lesions of Leishmaniasis. A large accumulation of mononuclear cells occurs at the edge of the lesions of cutaneous leishmaniasis. Examination of biopsy specimens from five Colombian patients revealed extensive epidermal thickening over the area of dermal infiltrate (Fig. 4) . Each of 
DISCUSSION
The common denominator in each ofthe epidermal responses reported here is the accumulation of T lymphocytes and monocytes in the dermis. These infiltrates, induced by the local administration of antigen into sensitized hosts, represent the classic DTH response (15) (16) (17) (18) . In the case of the intradermal tuberculin reaction, these cells were present for no longer than 3 days. In tuberculoid leprosy and cutaneous leishmaniasis, the lesions had existed for many months, although the longevity of individual T cells and mononuclear phagocytes in the infiltrates is unknown. In each case, however, epidermal thickening and the expression of keratinocyte Ia antigen on the cell surface had taken place. Epidermal thickening is not a well-described feature of DTH, although it was noted by Turk (15) in the guinea pig tuberculin reaction. Gut epithelial hyperplasia has been described in the mucosal alterations during graft-vs.-host disease (19) . Enhanced expression of epidermal and epithelial Ia has also been described in other cell-mediated immune responses (20, 21 (33) .
The thickening of the epidermis, when coupled with changes in keratinocyte shape, larger numbers of cell layers, and greater numbers of mitotic figures, suggests that keratinocytes are undergoing more rapid growth, although modified keratinocyte differentiation must also be considered. We favor the idea that one or more epidermal growth stimulants are generated by the dermal cell populations or by the epidermis in response to cell-mediated immunity. Two agents that induce keratinocyte replication have been noted. (i) Stimulation of adenylate cyclase activity by cholera toxin promotes replication (reviewed in ref. 26 ). (ii) Epidermal growth factor(s) from a variety of cell types may be responsible for promoting replication (27) . Establishing whether these mechanisms are operative in delayed-type reactions will require the use of keratinocyte cultures. The complex milieu of the DTH reaction contains many cell types and secreted cellular products that may be the source of the epidermal stimulant. These include T cells and their secreted lymphokines (28, 29) , macrophages and their extensive secretory repertoire (30) , fibroblasts (31) , and even keratinocytes (32) themselves.
Additional questions remain concerning the rate of appearance and persistence of the epidermal changes, the role of other inflammatory cells, and the responsiveness of the skin of the normal control subjects. The generation of a number of soluble factors during an immune response, including interleukin 2, interferon y, and epidermal growth factor(s), may promote the healing and closure of wounds.
